Background: To improve national influenza vaccination recommendations, additional data on influenza A and B virus circulation are needed. Here, we describe the circulation of influenza A and B in the Czech Republic during 16 seasons.
Background
Consistent with European Union Council recommendations [1] , most European member states have national policies recommending seasonal influenza vaccination for all people at risk of influenza complications. In the Czech Republic, recommendations for seasonal influenza vaccination have been available since 2011 [2] . Reflecting the recommendations of the World Health Organization (WHO), targeted groups include individuals with chronic illnesses and their caregivers, pregnant women, healthcare workers, and adults aged 65 years and older [3] .
Despite these recommendations, influenza vaccination coverage in the Czech Republic is substantially below the WHO, European, and Czech targets of 75% for older adults and individuals with chronic illnesses [1, 2, 4] . Although vaccination coverage is not routinely measured in the Czech Republic [5] , recent analyses have reported a vaccination coverage rate of~25% for older adults and persons with underlying comorbidities in the Czech Republic [6] , and moreover, that vaccination coverage could be decreasing [7] .
Most influenza vaccines in the Czech Republic are trivalent, containing two strains of influenza A (H1N1 and H3N2) and a single B strain lineage [8] . However, since the early 2000s, two genetically distinct lineages of influenza B virus, Yamagata and Victoria, have co-circulated worldwide, which can result in mismatches between the vaccine and the predominant circulating B strain [8] . Quadrivalent influenza vaccines including both B strain lineages have been developed to prevent these B lineage mismatches [8] [9] [10] [11] , and have been available in the Czech Republic since the 2017-2018 influenza season.
To control influenza spread and encourage seasonal influenza vaccination, national epidemiologic data are needed to help develop policies. Since the 1980s, the Czech Republic has had a relatively stable population of approximately 10.5 million [12] . Surveillance data from the Czech Republic collected between 1999 and 2013 indicated that influenza was responsible for approximately 1408 deaths each year, 1.31% of all-cause mortality, and 1.86% of circulatory disease-related mortality [13] . Limited data are available on the burden of influenza in elderly adults in the Czech Republic [14] , but data have not been published on the burden overall or on the distribution of influenza A and B strains. 
Methods

Study design
This was a retrospective analysis of data collected by the national influenza surveillance network of the Czech Republic. The primary objective was to describe circulation of influenza A and B viruses during the 16 consecutive seasons from 2000-2001 to 2015-2016. Ethical approval was not required for this study.
Surveillance of acute respiratory infection (ARI)
In the Czech Republic, data on influenza and other ARIs have been collected weekly throughout the year since 1968. The data are collected by more than 2000 general practitioners and more than 1000 pediatricians as part of a sentinel system that covers all 14 regions and approximately 50% of the population in the Czech Republic [15] . Until 2003, data were collected from individuals meeting the WHO case definition of ARI [16] . Starting in 2004, data were also included from individuals meeting the European Centre for Disease Control and Prevention case definition of influenza-like illness (ILI) [17] . Additionally, the Ministry of Health of the Czech Republic manages a surveillance system in which sentinel physicians in each of the 14 regions (usually two physicians per region) collect swabs from their ILI/ARI patients between week 40 of each year and week 20 of the following year.
In addition to this sentinel surveillance, since 2009, non-sentinel data and samples have been routinely collected from all hospitalized individuals in the Czech Republic with severe ARI [16] . Data were categorized by age group: 0-5 years (preschoolers), 6-14 years (age range of compulsory education in the Czech Republic), 15-24 years (i.e., until the age when most regular students finish their university study), 25-59 years, and ≥ 60 years (usual retirement age in the Czech Republic).
Laboratory methods
Nasopharyngeal swabs were collected according to the WHO Manual for the Laboratory Diagnosis and Virological Surveillance of Influenza [18] and were sent to the Czech Republic National Reference Laboratory to confirm influenza virus infection and identify the influenza type or subtype.
For samples collected before 2009, influenza infection was confirmed by virological assays and virus was typed/subtyped by antigen detection. Briefly, influenza viruses were proliferated in the allantoic sac of chicken embryos or in Madin-Darby canine kidney cells, and antigens were detected using a Directigen™ EZ Flu A + B kit (Becton-Dickenson, San Jose, CA, USA) or a QuickVue Influenza A + B test (Quidel, San Diego, CA, USA).
For samples collected during or after 2009, influenza infection was confirmed and typed/subtyped by reverse transcription-polymerase chain reaction. Briefly, nucleic acids were extracted using MagNAPure LC kits and a MagNAPure Compact instrument (Roche Molecular Systems, Pleasanton, CA, USA) or a RTP DNA/RNA Virus Mini Kit (Stratec Biomedical Systems, Birkenfeld, Germany). For most samples, influenza A and B were detected using the WHO method with primers and probes obtained from the US Centers for Disease Control and Prevention (Atlanta, GA, USA), an AgPath-ID One step RT PCR kit (Thermo Fisher Scientific, Waltham, MA, USA), the MeltMan reverse transcriptase-quantitative polymerase chain reaction system [19] , and SYTO® 82 Orange Fluorescent Nucleic Acid Stain (Thermo Fisher Scientific). In some cases, influenza B and B lineages were detected according to Daum et al. (2007) [20] using primers and probes described by Schweiger et al. [21] and Watzinger et al. [22] . Hemagglutination inhibition assays may also have been used to detect the B lineage. Data on specific A/H1N1 and A/H3N2 strains and drift variants were not available.
Statistical analysis
Influenza seasons were defined as week 40 of a given year to week 20 of the following year. The peak of influenza activity was defined as the epidemiological week with the highest number of ARI cases during a given season. As described previously [23] , seasons were considered to have significant circulation of influenza A or influenza B when either represented at least 20% of all influenza cases reported. The dominant circulating viruses for each season were defined as the A strain identified in ≥70% of influenza A-positive samples and the B lineage identified in ≥70% of influenza B-positive samples. A season was considered to have a B-strain mismatch if the B lineage in the vaccine was different from the dominant circulating lineage. A season was considered to have a partial mismatch when the two B lineages co-circulated in approximately equal proportions. All data were analyzed using Excel (Microsoft, Redmond, WA). Missing data were not replaced, and only descriptive statistics were calculated. (Table 1) . However, the proportion of influenza A was consistently lower for sentinel than non-sentinel samples, whereas the proportion of influenza B was lower for non-sentinel samples. 
Results
Samples and confirmed influenza cases
Circulation of influenza A/H1N1 and A/H3N2
The strain of influenza A (A/H1N1 or A/H3N2) was identified for 3246 (80.3%) of the 4044 influenza A cases (Table 3) 
Circulation of influenza B lineages and occurrence of mismatches with the vaccine B strain
The lineage was identified for 649 (59.0%) of the 1100 influenza B cases (Table 4 ). Of these, B Yamagata accounted for 341 cases (52.5%), B Victoria for 305 cases (47.0%), and both lineages for 3 cases (0.5%). Of the 16 seasons included in this study, both B lineages were detected in three, a single B lineage was detected in nine, and no influenza B was detected in four. Of the 11 seasons with significant B virus circulation, the dominant lineage was Yamagata in six and Victoria in four. 
Discussion
In this report, we describe the circulation of influenza viruses in the Czech Republic based on data collected from the national influenza surveillance network from 2000-2001 to 2015-2016. Although influenza A accounted for most influenza cases in almost all of the seasons, they typically co-circulated with influenza B viruses. Influenza B where influenza B represented 23% of influenza cases overall and from 1 to 60% of the cases each year [8] . Influenza B frequency is known to vary widely between seasons in many countries worldwide [24] . The results presented here are among the first describing the circulation of influenza strains in the Czech Republic. Some data for the Czech Republic were recently published by the Global Influenza Hospital Surveillance Network (GIHSN) for the 2014-2015 influenza season [25] . Although the GIHSN collects data on only severe cases, it found that influenza B accounted for about one-third of influenza cases during 2014-2015.
In most seasons with B strain circulation, a single lineage dominated, and generally these dominant lineages matched those reported during the same seasons in several other European countries [23, 26, 27] . In all but two of the 16 seasons [11, 26, 27] . Such mismatches between the B lineage in trivalent vaccines and the dominant circulating B lineage represent a missed opportunity to protect against influenza. Quadrivalent influenza vaccines containing both B lineages have been developed to avoid this [8] [9] [10] [11] and are now included in WHO guidelines [28] . These quadrivalent influenza vaccines are expected to further reduce the burden and economic impact of influenza beyond that provided by trivalent vaccines [29, 30] .
Analysis of influenza cases by week revealed that some years had a clear peak of influenza cases but that others had a more even distribution and a weaker peak. How each influenza strain contributed to these patterns was not analyzed, although the circulation of influenza subtypes and lineages often changes over the course of a single season [25, 31, 32] . This complicates predicting which strains and B lineages will dominate each year and further emphasizes the need for quadrivalent vaccines.
Interestingly, for seasons where data from sentinel and non-sentinel sources were tabulated separately (2009-2010 to 2015-2016) , overall rates of influenza positivity were similar but the proportion of influenza A was consistently higher for non-sentinel than sentinel samples, with the reverse true for influenza B. As the non-sentinel samples were collected only from hospitalized individuals, this suggests that influenza A led to severe ARI more often than influenza B. This report provides essential information about the circulation of influenza viruses, but low numbers limited the analyses that could be performed. For example, we could not effectively stratify by risk category or influenza severity, although the oldest and youngest individuals, pregnant women, and individuals with chronic conditions are well known to be at increased risk for severe influenza [25, [31] [32] [33] . In addition, very few influenza cases were detected in some seasons, increasing the uncertainty around the circulation of individual A strains and B lineages. For most of the seasons, ARI incidence also decreased around the Czech winter vacation season, which is likely due to reduced movement and mixing of the population and perhaps also due to reduced ARI reporting, since many healthcare personnel also take vacation around this time. Regardless, the results highlight the variability of influenza strain circulation and confirm the substantial risk for mismatches between the B lineage in trivalent vaccines and the dominant circulating B lineage.
Another potential limitation of the current analysis was heterogeneity in methods across seasons and between sentinel and non-sentinel sources. Case ascertainment by the surveillance system in the Czech Republic was based on 
